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Constant malaria monitoring and surveillance systems have been highlighted as critical for malaria elimination. The
absence of robust monitoring and surveillance systems able to respond to outbreaks in a timely manner
undeniably contributed to the failure of the last global attempt to eradicate malaria. Today, technological advances
could allow for rapid detection of focal outbreaks and improved deployment of diagnostic and treatment supplies
to areas needing support. However, optimizing diffusion activities (e.g., distributing vector controls and medicines,
as well as deploying behaviour change campaigns) requires networks of diverse scholars to monitor, learn, and
evaluate data and multiple organizations to coordinate their intervention activities. Surveillance systems that can
gather, store and process information, from communities to national levels, in a centralized, widely accessible
system will allow tailoring of surveillance and intervention efforts. Different systems and, thus reactions, will be
effective in different endemic, geographical or socio-cultural contexts. Investing in carefully designed monitoring
technologies, built for a multiple-acter, dynamic system, will help to improve malaria elimination efforts by
improving the coordination, timing, coverage, and deployment of malaria technologies.
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For those countries close to malaria elimination, real-
time, on-going monitoring systems are important for at
least four reasons. They allow for (1) rapid detection of
existing, new or re-introduced (e.g, across country and
regional borders) infections [1,2]; (2) identification of
periods of low transmission (e.g, from symptomatic and
asymptomatic infections) when the parasite population
could be most amenable to elimination [3,4]; (3) under-
standing trends in malaria incidence and prevalence
(shifts in age groups, increasing parasite heterogeneity,
changes in seasonality) and, (4) detection of resistance.
As malaria becomes less prevalent in a country, inter-
vention efforts may weaken, which in turn may create
more resistant parasite and mosquito populations [5-7].
In addition, surveillance itself can be an intervention
that reduces transmission by identifying and rapidly
treating infections from the infectious reservoir [8].
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reproduction in any medium, provided the orintervention windows and flag emerging resistance are
all essential for disease elimination.Discussion
A real-time, on-going, integrated data reservoir capturing
multiple scales of disease dynamics - from cells to society
is a plausible, achievable enterprise for malaria elimination
in the next decade. The finest, comprehensive, malaria-
monitoring systems include portable and sensitive diag-
nostic tests, real-time data about patients showing drug
resistant parasites and vectors showing insecticide resist-
ance, transmission intensity markers (e.g, sampling, sur-
veys and biomarkers), climatic data (e.g, rainfall as early
warning systems), geo-spatial and demographic informa-
tion for villages known to be particularly at risk, and con-
tinuous, frequent (e.g, at least monthly) local-level malaria
incidence counts [8-13]. Together, these data represent
biological, clinical, social scientific and logistical informa-
tion that inform different aspects of disease detection and
intervention planning aiming to sustainably impact
malaria-burdened populations.
However, monitoring is not enough: learning and
evaluation are also needed, which is complicated in a
multiple-organization (National Malaria Control Pro-
grammes (NMCPs), government ministries, internationalLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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organizations, funding agencies, and local health organi-
zations, etc.,) multiple-acter (scientists, politicians, and
interventionists) effort [14]. To optimize malaria inter-
vention efforts, both organizations and acters need (a)
timely, robust information about disease epidemiology
and dissemination activities (e.g, bed nets, spraying, test-
ing supplies, drugs, and vaccine trials); (b) an ability to
access data and each other to coordinate activities for
integrated vector-control and public health responses;
and, (c) conditions (both online and offline) that facili-
tate data sharing and optimal, group-based decision-
making [15]. Research into designing data reservoir plat-
forms that facilitate monitoring, learning and evaluation
(MLE) among multiple acters is needed to optimize
coordinated, integrated disease detection and interven-
tion efforts.
However, the use and maintenance of MLE systems
requires a level of infrastructure (communication net-
works) absent in some malaria-burdened countries. For
example, in some of the most remote parts of Africa,
there are few landline telephones, computers with fast
internet-access, or roads in good condition, for the rapid
transfer of disease information [16,17]. Mobile phones,
diffusing widely in African countries, may offer great
possibilities for MLE efforts. Mobile phones can allow
researchers to collect and share data faster and easier in
countries lacking other infrastructures. Data can be
collected unobtrusively: monitoring people’s movement
back and forth, from low-transmission Zanzibar to
malaria-burdened Tanzania [2]. Short message service
(SMS) technology has also been utilized to strengthen
the routine reporting of anti-malaria drug supplies at
health facilities [18,19].
Notably, real-time, comprehensive monitoring does not
inherently lead to access or to collaboration and coordin-
ation among different organizations and acters. For
enriched MLE technologies, such as mobile phones, to im-
prove coordination, optimization, and deployment of inter-
vention resources [2,20], there should be investment in
real-time, updating data reservoir platforms that are com-
patible across hardware systems and national boundaries,
readily accessible for scientists and interventionists, and
built to facilitate transdisciplinary learning and evaluation.
If each entity interested in monitoring gathers, stores, and
shares their data differently, by the time integration takes
place, the data’s utility may have expired. Likewise, multiple
organizations attempting to deploy interventions may du-
plicate services in some areas while missing others needing
assistance, particularly when NCMPs are weakened due to
other factors such as post-emergency or during war-time.
Further, compatible data management tools should be
developed regardless of the specific factor being surveyed
(e.g, drug and vector resistance, number of infected cases,climate data, and so forth) because future research efforts
may benefit from integrating these different factors to best
manage malaria efforts. Last, designing platforms and man-
agement tools informed by social science, computer sci-
ence, biology and epidemiology are needed to help
facilitate trans-disciplinary learning, and system-wide col-
laboration and coordination.
Platforms are already being developed by those who
recognize the benefits of integrating global positioning
systems (GPS), geographic information systems (GIS)
and mobile computing technology into modern report-
ing applications [11]. Platforms that can collect informa-
tion on the spatial distribution of malaria and other
variables such as weather and climate [21,22], land use
and demography [23] and vector breeding sites [24,25]
will help to identify malaria risks and distribution across
a variety of scales (i.e. globally, nationally and locally).
The development of those platforms for mapping mal-
aria risk is encouraging, and could be expanded to
include the collection of other disease indicators.
First, MLE systems should be designed with local
communities in mind, such as allowing for data entry
interfaces and reports to be personalized by the user.
Different systems may be more effective in one setting
over another. Existing models suggest that in communi-
ties where disease incidence is low, a simple ‘eyes and
ears’ approach for early treatment - seeking could be
equally effective as more technical methods of disease
detection [14,26]. Community vigilance is not sufficient
to achieve elimination [3], however, because community
vigilance at the local level may not inform national-level
policies or activities and because the time delay between
the recognition of disease symptoms (e.g. fever) and the
reporting to a health clinic, extends the window for on-
ward transmission. As technology continues to diffuse
across African countries, MLE systems could comple-
ment community approaches by increasing the speed by
which regional and national surveillance teams are
alerted to local events and prepare intervention services
for local demands. Analogous to improvements in the
marketing of agricultural products in African countries
due to rapid access to information on market prices
[27], MLE systems for disease surveillance should work
to complement, not replace, community vigilance.
As in the development of agricultural innovations
and systems [28], end-users and stakeholders must also
be involved in the design process. Different countries
have implemented their own malaria surveillance sys-
tems with varying degrees of success [9,11,29-31]. For
new MLE-collaboration platforms to succeed, targeting
and tailoring of MLE technologies, standards, and
communication to users is needed to improve the com-
prehension, diffusion and adherence of new surveil-
lance tools [32].
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different regions and countries is as important as devel-
oping and diffusing technologies to monitor malaria dy-
namics and intervention activities. Data collected and
stored in an accessible manner can quicken the speed at
which scientists can evaluate an intervention’s impact,
forecast possible changes to improve future efforts, and
adjust to incoming results. Speed plays an important role
in malaria management, where outbreaks occur across
numerous ecosystems and throughout the seasonal vari-
ation [33]. With current, dynamic, accessible informa-
tion and trained personnel who can to learn from it and
act on it, resources can be allocated more efficiently and
adjust programmes and policies more appropriately.
Conclusions
In summary, malaria MLE systems from community to
national levels, and informed reactions (interventions),
can provide valuable insights needed to understand,
forecast, and evaluate complex, multiple-organization-
and-acter efforts, such as eliminating malaria. In order
to meet malaria elimination objectives, monitoring
systems must be able to respond rapidly to the hetero-
geneity in malaria epidemiology. Many malaria-
burdened countries are experiencing advances in tech-
nology and research, which may be harnessed to
optimize the feasibility, efficiency and cost-effectiveness
of readily accessible, shared data collection, evaluation,
and collaboration systems. This research should strive to
improve MLE systems in even the most remote loca-
tions. Investment in integrated MLE systems alone will
not eradicate malaria, but it will bring us closer.
Abbreviations
MLE: Monitoring learning and evaluation; NMCPs: National malaria control
programmes; GPS: Global positioning systems; GIS: Geographic information
systems; SMS: Short message service.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
VB reviewed the literature and drafted the paper. RAS reviewed the literature
and edited the manuscript. JFL edited the manuscript. All three authors
conceived the idea equally. All authors read and approved the final
manuscript.
Acknowledgements
Pilot funding supported this project provided by the Clinical and
Translational Science Institute (CTSI) and the Social Science Research Institute
(SSRI) at The Pennsylvania State University.
Author details
1Department of Biology and Center for Infectious Disease Dynamics, The
Pennsylvania State University, University Park, PA, USA. 2Department of
Communication Arts & Sciences, Human Development & Family Studies, and
Center for Infectious Disease Dynamics, The Pennsylvania State University,
University Park, PA, USA. 3Division of Applied Social Sciences (DASS),
Agricultural & Applied Economics, CAFNR, University of Missouri, Columbia,
MO, USA.Received: 9 July 2012 Accepted: 28 August 2012
Published: 31 August 2012References
1. Lee P-W, Liu C-T, Rampao HS, do Rosario VE, Shaio M-F: Pre-elimination of
malaria on the island of Príncipe. Malar J 2010, 9:26.
2. Tatem AJ, Qiu Y, Smith DL, Sabot O, Ali AS, Moonen B: The use of mobile
phone data for the estimation of the travel patterns and imported
Plasmodium falciparum rates among Zanzibar residents. Malar J 2009,
8:287.
3. Atkinson J-A, Johnson M-L, Wijesinghe R, Bobogare A, Losi L, O'Sullivan M,
Yamaguchi Y, Kenilorea G, Vallely A, Cheng Q, Ebringer A, Bain L, Gray K,
Harris I, Whittaker M, Reid H, Clements A, Shanks D: Operational research
to inform a sub-national surveillance intervention for malaria elimination
in Solomon Islands. Malar J 2012, 11:101.
4. Kamanga A, Moono P, Stresman G, Mharakurwa S, Shiff C: Rural health
centres, communities and malaria case detection in Zambia using
mobile telephones: a means to detect potential reservoirs of infection in
unstable transmission conditions. Malar J 2010, 9:96.
5. Maude R, Pontavornpinyo W, Saralamba S, Aguas R, Yeung S, Dondorp AM,
Day NPJ, White NJ, White LJ: The last man standing is the most resistant:
eliminating artemisinin-resistant malaria in Cambodia. Malar J 2009, 8:31.
6. Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ, Moonen B:
Malaria resurgence: a systematic review and assessment of its causes.
Malar J 2012, 11:122.
7. Maude RJ, White NJ, White LJ: Feasibility of malaria elimination. Lancet
2011, 377:638.
8. Alonso PL, Atta HY, Drakeley C, Eisele T, Hay SI, Rodriguez Lupez MH, Meek
S, Steketee R, Slutsker L, Monitoring MCG: A research agenda for malaria
eradication: monitoring, evaluation, and eurveillance. PLoS Med 2011,
8:e1000400.
9. Cox J, Abeku TA: Early warning systems for malaria in Africa: from
blueprint to practice. Trends Parasitol 2007, 23:243–246.
10. Davis RG, Kamanga A, Castillo-Salgado C, Chime N, Mharakurwa S, Shiff C:
Early detection of malaria foci for targeted interventions in endemic
southern Zambia. Malar J 2011, 10:260.
11. Kelly GC, Tanner M, Vallely A, Clements A: Malaria elimination: moving
forward with spatial decision support systems. Trends Parasitol 2012,
28:297–304.
12. Krefis AC, Schwarz NG, Krüger A, Fobil J, Nkrumah B, Acquah S, Loag W,
Sarpong N, Adu-Sarkodie Y, Ranft U, May J: Modeling the relationship
between precipitation and malaria incidence in children from a
holoendemic area in Ghana. AmJTrop Med Hyg 2011, 84:285–291.
13. The malERA Consultative Group on Diagnoses and Diagnostics: A research
agenda for malaria eradication: diagnoses and diagnostics. PLoS Med
2011, 8:e1000396.
14. Castro MC, Tsuruta A, Kanamori S, Kannady K, Mkude S: Community-based
environmental management for malaria control: evidence from a small-
scale intervention in Dar es Salaam Tanzania. Malar J 2009, 8:57.
15. Cressey D: Data sharing aids the fight against malaria. http://www.nature.
com/news/data-sharing-aids-the-fight-against-malaria-1.10018.
16. Jerome A: Infrastructure, economic growth and poverty reduction in
Africa. J Infrastructure Development 2011, 3:127–151.
17. Chaminuka P, Senyolo GM, Makhura MN, Belete A: A factor analysis of
access to and use of service infrastructure amongst emerging farmers in
South Africa. Agrekon 2008, 47:365–378.
18. Barrington J, Wereko-Brobby O, Ward P, Mwafongo W, Kungulwe S: SMS for
life: a pilot project to improve anti-malarial drug supply management in
rural Tanzania using standard technology. Malar J 2010, 9:298.
19. Asiimwe C, Gelvin D, Lee E: Ben Amor Y, Quinto E, Katureebe C, Sundaram
L, Bell D, Berg M: Use of an innovative, affordable, and open-source short
message service-based tool to monitor malaria in remote areas of
Uganda. AmJTrop Med Hyg 2011, 85:26–33.
20. Randrianasolo L, Raoelina Y, Ratsitorahina M, Ravolomanana L,
Andriamandimby S, Heraud J-M, Rakotomanana F, Ramanjato R,
Randrianarivo-Solofoniaina AE, Richard V: Sentinel surveillance system for
early outbreak detection in Madagascar. BMC Publ Health 2010, 10:31.
21. Craig MH, Kleinschmidt I, Nawn JB, Le Sueur D, Sharp BL: Exploring 30
years of malaria case data in KwaZulu-Natal, South Africa. Part I. The
impact of climatic factors. Trop Med Int Health 2004, 9:1247–1257.
Barclay et al. Malaria Journal 2012, 11:304 Page 4 of 4
http://www.malariajournal.com/content/11/1/30422. Hay SI, Cox J, Rogers DJ, Randolph SE, Stern DI, Shanks GD, Myers MF, Snow
RW: Climate change and the resurgence of malaria in the East African
highlands. Nature 2002, 415:905–909.
23. Martens P, Hall L: Malaria on the move: Human population movement
and malaria transmission. Emerg Infect Dis 2000, 6:103–109.
24. Kitron U, Pener H, Costin C, Orshan L, Greenberg Z, Shalom U: Geographic
information-system in malaria surveillance - mosquito breeding and
imported cases in Israel, 1992. AmJTrop Med Hyg 1994, 50:550–556.
25. Foley DH, Torres EP, Mueller I: Stream-bank shade and larval distribution
of the Philippine malaria vector Anopheles flavirostris. Med Vet Entomol
2002, 16:347–355.
26. O'Sullivan M, Kenilorea G, Yamaguchi Y, Bobogare A, Losi L, Atkinson J-A,
Vallely A, Whittaker M, Tanner M, Wijesinghe R: Malaria elimination in
Isabel Province Solomon Islands: establishing a surveillance-response
system to prevent introduction and reintroduction of malaria.
Malar J 2011, 10:235.
27. Aker JC, Mbiti IM: Mobile phones and economic development in Africa.
J Econ Persp 2010, 24:207–232.
28. Buruchara R, Chirwa R, Sperling L, Mukankusi C, Rubyogo JC, Muthoni R,
Abang MM: Development and delivery of bean varieties in Africa: the
Pan-Africa Bean Research Alliance (PABRA) model. African Crop Sci J 2011,
19:227–245.
29. Srivastava A, Nagpal BN, Saxena R, Eapen A, Ravindran KJ, Subbarao SK,
Rajamanikam C, Palanisamy M, Kalra NL, Appavoo NC: GIS based malaria
information management system for urban malaria scheme in India.
Comput Methods Programs Biomed 2003, 71:63–75.
30. Eisen L, Coleman M, Lozano-Fuentes S, McEachen N, Orlans M, Coleman M:
Multi-disease data management system platform for vector-borne
diseases. PLoS Negl Trop Dis 2011, 5:e1016.
31. Coleman M, Coleman M, Mabuza AM, Kok G, Coetzee M, Durrheim DN:
Using the SaTScan method to detect local malaria clusters for guiding
malaria control programmes. Malar J 2009, 8:68.
32. Rogers EM: Diffusion of Innovations. 5th edition. New York, NY: Free Press;
2003.
33. Ferguson HM, Dornhaus A, Beeche A, Borgemeister C, Gottlieb M, Mulla MS,
Gimnig JE, Fish D, Killeen GF: Ecology: a prerequisite for malaria
elimination and eradication. PLoS Med 2010, 7:e1000303.
doi:10.1186/1475-2875-11-304
Cite this article as: Barclay et al.: Surveillance considerations for malaria
elimination. Malaria Journal 2012 11:304.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
